Epigenetics is one of the most rapidly developing fields of biological research. Breakthroughs in several technologies have enabled the possibility of genomewide epigenetic research, for example the mapping of human genome-wide DNA methylation. In addition, with the development of various high-throughput and highresolution sequencing technologies, a large number of functional noncoding RNAs have been identified. Massive studies indicated that these functional ncRNA also play an important role in epigenetics. In this review, we gain inspiration from the recent proposal of the ceRNAs hypothesis. This hypothesis proposes that miRNAs act as a language of communication. Accordingly, we further deduce that all of epigenetics may functionally acquire such a unique language characteristic. In summary, various epigenetic markers may not only participate in regulating cellular processes, but they may also act as the intracellular 'language' of communication and are involved in extensive information exchanges within cell.
Many genetic phenomena may be reasonably explained by Mendelian laws. Since DNA is identified as the genetic material of an organism, this discovery further provided the molecular basis for this type of classical genetics. However, it has long been recognized that there are other genetic phenomena that exhibit non-Mendelian inheritance patterns. For example, the selective inactivation of the X chromosome during early embryo development in female mammals [1] , paramutations (including mutations of the corn R gene and morphology of the Arabidopsis flowers) [2] , the piebald phenomenon of the Drosophila position effect [3] , and the recent discovery of the dosage compensation effect [4] , chromosome imprinting [5] and prioninduced diseases [6] , among others. Conrad Waddington introduced the term 'epigenetic landscape', which meant the transformation of genetic information into observable characteristics and the molecular basis of its phenotype [7] . In many contexts, the epigenetic patterns of gene expression and their associated phenotypes are maintained after mitosis or meiosis. Thus, various epigenetic markers constitute the basis of epigenetics, they are involved in regulating different kinds of processes within the cell and affect cellular activity in a potentially heritable way, which finally achieving cellular answer to changes of extracellular or intracellular environment and the development of multicellular organism in a suitable way [8] .
Epigenetics exhibit two distinct features: two phenotypes (closed and open); and ability to self-reinforce or form positive and negative feedback pathways [9] . In terms of two phenotypes of epigenetics, it means that epigenetics can mediate the occurrence of a single event. For example, high methylation of DNA at a promoter site frequently induces gene silencing, which further induces the formation of condensed chromatin. In this condition, epigenetics displays the closed phenotype, inhibiting the occurrence of cel-lular processes. Comparatively, the open phenotype of epigenetics usually mediates the upregulation of cellular processes. For example, histone acetylation frequently leads to the formation of unwound chromatin, which increases the accessibility for various transcription factors. Moreover, after the disappearance of the initial stimulus signal, the established epigenetic patterns are still able to achieve self-sustainment through various cis-and trans-regulatory mechanisms. Via selfenhancement, the epigenetic state in trans is predominantly maintained through the formation of positive feedback loop pathways and complex transcription factor networks, which result in the establishment of stable transcriptional states of self-renewal. For example, development-related transcription factors and ncRNAs (particularly regulatory sRNAs and lncRNAs) [10] . However, other trans-epigenetic markers can selfrenew via enzyme catalysis. For example, self-catalysis of prion [11] and special ncRNAs may provide substrates for unique enzymes (e.g., the RNA-dependent RNA polymerase (RdRP) in plants and worms [12] ). After each cell division, the trans-epigenetic signal that is inherited from the mother cell mediates signal selfproliferation in the daughter cells, achieving the maintenance of trans-epigenetic markers at a specific level within the daughter cells. In comparison, cis-epigenetic markers physically interact with chromatin and somehow self-renew coupled with chromosome replication, such as DNA methylation, various histone modifications and nucleosome positioning, whereas some occur independently of replication such as histone variant replacement. When cell division occurs with the replication of genomic DNA, the cis-epigenetic markers are also somehow duplicated so that the cell-specific cis-epigenetic patterns are stably maintained even though it is still unknown how histone modifications, histone variants and nucleosome positioning are inherited [13] [14] [15] [16] .
At the molecular level, the trans-epigenetic mechanisms, which are mainly based in the cytoplasm, enable the regulation of various cytoplasmic processes by various trans-acting regulatory ncRNAs [17] and other functional proteins [18, 19] that are involved in the regulation of gene expression at the post-transcriptional level or the maintenance of cell type-specific characteristics. However, cis-epigenetic mechanisms mainly based in chromatin include DNA cytosine methylation and 5-hydroxymethylcytosine [20, 21] , covalent modifications in various histones (H1, H2A, H2B, H3 and H4) and histone variants, replacement of histone variants [22] , nucleosome positioning and various cis-acting regulatory ncRNAs that mediate chromosome activation or silencing, among others. These cis-epigenetic mechanisms are involved in the regulation of various events that occur at the chromatin level, including distinct phases of gene transcription, pre-mRNA mature splicing and alternative splicing, mRNA monitoring (e.g., control of nuclear export of the mature transcript), DNA damage repair and DNA replication, among others.
However, various intracellular processes, including those processes that are closely linked with various epigenetic markers, are not interdependent within the cell, especially during the development of an organism (e.g., the inter-relationship of cell proliferation, differentiation and apoptosis). For example, when the cell is undergoing cell division, the expression of cell division-related genes is greatly enhanced. In addition, the expressions of these genes that promote apoptosis are inhibited. Another typical example occurs during the development of the immune system where under Th1 cell polarization conditions, undifferentiated CD4 + T cells are directionally differentiated into Th1 cells. In such a process, the expression of some Th1 cellspecific genes, including IFN-γ, Stat4 and T-bet, are upregulated; however, the expression of Th2 and Th17 cell-specific genes such as Gata3 and Il17a-Il17f are further inhibited, resulting in the stable establishment of various Th1 cell-specific biological characteristics [23] . In addition, it has been shown that site specificepigenetic markers are involved in the fine-turning of gene expression, thus raising the question: do these epigenetic markers participate in synergistic expression among related genes during the development? Do all cis-or trans-epigenetic mechanisms also mediate this type of synergistic response among various cellular processes? If so, by which means do they achieve this type of synergistic response?
Recently, the ceRNA hypothesis revealed an interesting point: miRNAs not only mediate the occurrence of a single event (e.g., miRNAs regulate mRNA degradation or inhibition of translation) but also act as the 'language' to mediate the mutual communication among mRNAs that are regulated by the same unique miRNA, thus achieving integral regulation and improving regulatory efficiency [24] [25] [26] . This type of language property may be shared with all ncRNAs, more than miRNAs.
In this review, on the basis of two distinct epigenetic features, we propose that noncoding RNAs, specifically regulatory ncRNAs, also function as a type of specific epigenetic marker. In addition, we gained inspiration from the recent proposal and confirmation of the ceRNA hypothesis, we propose that the ncRNAs' 'language' ability is shared with other epigenetic markers. Thus, we put forward the core idea of this review: that epigenetics is the language of the cell. Perhaps it is this language ability of epigenetics that mediates the synergistic responses among various cellular processes.
Epigenetics, in terms of DNA methylation (specialsite cytosine of DNA is methylated into 5-methylcytosine, which recruits functional complexes containing DNA-methylation domains, further achieving transcriptional inhibition), histone modifications (histones can be phosphorylated, methylated, acetylated or ubiquitinated, these histone modifications can somehow promote and suppress gene expression) and histone variants (histone variants are very similar to typical histone with slight difference, they are involved in establishing the special domains of chromatin, mediating gene expression regulation), and nucleosome positioning, has been systematically described in many studies [27] [28] [29] [30] [31] . In this review, we will mainly focus on the role of ncRNAs in epigenetics and. accordingly, further clarify the core idea that epigenetics is the language of the cell.
ncRNAs: an important part of epigenetics
Lower organisms, such as Caenorhabditis elegans, have a similar and comparable number of proteincoding genes to humans; however, the human genome is 30 times the size of the C. elegans genome. Thus, the developmental and physiological complexity of the human is hardly attributed to a small number of protein-coding genes in the genome. This also implies that non-coding sequences, which account for the most of the genome, play a vital role in directing the formation of higher biologically complex organisms. With the development of deep sequencing technology of the human genome, we now know that there are only approximately 20,000 protein-coding genes in the human genome, which occupy <2% of the sequences in the entire human genome. Perhaps alternative splicing of protein-coding genes' pre-mRNAs and various post-translational covalent modifications of proteins greatly expand the information content of the proteincoding genes and improve diversity and functionality of the proteome. This may also partly explain the increased complexity observed in higher organisms. However, high-throughput sequencing technology has revealed that most of the DNA sequences in the mammalian genome may be transcribed (in fact, >90% of the human genome may be transcribed). The majority of these transcripts comprise various regulatory sRNAs (sRNAs can be roughly divided into three classes: miRNAs, endo-siRNAs and piRNAs, which are ∼20-30-nucleotide small molecules and are closely coupled with the Ago protein family members, guiding Ago to special target sites, then typically leading to downregulation of the target gene expression) that are involved in the regulation of gene expression and tens of thousands of lncRNAs (lncRNAs are arbitrarily identified as the >200 nucleotide ncRNAs molecules with no or little protein-coding potential; they can be folded into many functional secondary structures, through which these lncRNAs may exert their biological functions), which do not or have little function in protein coding. Instead, lncRNAs participate in various intracellular processes. Previous studies have shown that the transcriptional level of the noncoding sequences is at least four-times higher compared with coding sequences. In recent years, a large number of biologically functional ncRNAs have been successfully identified [32] , particularly lncRNAs that display functional diversity [33] .
Importantly, many ncRNAs also play an important role in epigenetics. They are not only involved in the establishment of the epigenetic patterns of various epigenetic markers (e.g., special ncRNAs mediate the establishment of active or inhibitory epigenetic markers at unique loci), but these ncRNAs are also a type of important epigenetic marker. These ncRNAs (particularly various regulatory ncRNAs) mediate the occurrence of various intracellular processes. For example, lncRNA-HOTAIR mediates the establishment of inhibitory H3K27 me3 at the HOXD locus, thereby silencing expression [34] . Thus, some ncRNAs possess the switch ability to regulate an event on or off, such as activation or silencing of gene expression, stabilization or degradation of mRNA. Furthermore, these ncRNAs may also perform self-reinforcement through different mechanisms, forming positive and negative feedback pathways. For example, some ncRNAs achieve self-renewal by enzyme catalysis (e.g., RdRPs) and piRNAs by the ping-pong pathway [35] ; however, a number of ncRNAs may achieve self-reinforcement at the transcriptional level (e.g., they are involved in establishing stable epigenetic patterns at one's own genetic loci or other loci whose expression products promote the stable expression of specific ncRNAs). Thus, these ncRNAs exhibit two classical epigenetic features because of their extensive transcription and diverse functions. Undoubtedly, these ncRNAs play an important role in epigenetics. A variety of cell typespecific regulatory ncRNAs (specifically those that involve the establishment of cell-type-specific epigenetic patterns) are passed to daughter cells through cell division. These inherited ncRNAs regulate different types of intracellular processes by cis-or trans-acting modes, which ultimately stably establishes and maintains various cell type-specific biological characteristics. It was recently reported that paramutations are closely linked with sRNAs [36] [37] [38] [39] .
According to the ceRNAs hypothesis, we propose that this type of language characteristic may be shared future science group All ncRNAs in the cell are comprised of a huge 'ncRNA library'; it is not only involved in regulating various cellular processes, including cell proliferation (symbolized by the printer) [43] , differentiation (the car loaded with O 2 symbolizes an erythrocyte, the hoover symbolizes for various immune cells), apoptosis, mature splicing of pre-RNA, protein translation and genome integrity maintenance, among others; in addition, it mediates the extensive crosstalk of various processes, enabling the cellular whole response. These ncRNAs consist of an intangible cellular brain center, on the basis of the limited genome and genome's products, the cellular brain directs the cell to make the optimal cellular reply in response to various extracellular and intracellular stimuli (the same type of ncRNAs are shown in different colors to display the diversity). 
Cell membrane sensors detecting the change of extracellular environment, then passing the information into the ncRNA 'brain' Intracellular sensor detecting the change of intracellular environment, then passing the information into the ncRNA 'brain' ncRNAs with various ncRNAs, more than miRNAs. By acting as the 'language' for communication, ncRNAs not only mediate extensive communication of genomewide protein-coding information, but they may also connect with various intracellular processes, enabling the synergistic response at the scale of the whole cell, thus adapting to different types of varying intracellular and extracellular environments. For example, a language that consisted of housekeeping ncRNAs (e.g., tRNAs, rRNAs, snRNAs and snoRNAs, among others) may participate in the regulation of the maturation of pre-mRNAs and translation of mature mRNAs. A language that consists of miRNAs and lncRNAs may mediate the well-organized expression of the whole genome sequence. A language that consists of piRNAs [40] , diRNAs [41] and endo-siRNAs [42] may participate in the maintenance of genomic integrity. This is analogous to a human-like brain center, which consists of various ncRNAs. This cellular 'brain' directs the cell to generate optimal responses to various intracellular and extracellular stimuli on the basis of the limited genome and genome products (Figure 1 ).
Extensive crosstalk among the various epigenetic markers
Different types of cis-and trans-epigenetic markers do not work alone, regardless of the epigenetic markers in the cytoplasm or nucleus. There is extensive crosstalk among the intra-and inter-epigenetic markers, which form an 'epigenetic network' throughout the entire cell. The results that we observed are a mutually synergistic additive effect of extensive crosstalk. Importantly, the final result of crosstalk often forms numerous positive and negative feedback loops, which result in the formation of an 'on' or 'off' state of numerous cellular processes, or may accelerate or slow down some processes. Various ncRNAs are also closely associated with other epigenetic markers, which form extensive crosstalk.
Crosstalk between noncoding RNAs & other epigenetic markers
There is a common relationship of reciprocal induction between ncRNAs and DNA methylation. For example, RNA-directed DNA methylation in plants is achieved via two steps: the generation of doublestranded RNA, which is further processed and packaged into a RITS complex; and an interaction between RITS and DNA methyltransferases (DNMTs), which target the DNMTs to specific sites (e.g., gene promoters or repetitive sequences) to mediate de novo DNA methylation [44] . Moreover, short-segment RNA transiently transcribed from the promoter upstream is also involved in the targeting of DNMTs to unique loci, mediating the establishment of DNA methylation [45] . In addition, DNA methylation localized in special ncRNAs sequences often participates in the regulation of these ncRNAs' expression; for example, the methylation state of a downstream CpG island in the imprinted Airn regulates the transcription initiation, elongation and methylation status of its promoter region [46] . In addition, there is also an interdependent relationship between ncRNAs and histone modifications. Similarly to DNA methylation, the histone modification status of ncRNA gene determines its expression [47] . Based on the observation that genes actively transcribed by RNA polymerase II are symbolized by trimethylation of lysine 4 of histone H3 (H3K4me3) at their promoter and trimethylation of lysine 36 of histone H3 (H3K36me3) along the length of the transcribed region, this distinctive structure referred to as a 'K4-K36 domain' is utilized to identify unknown functional noncoding RNAs, which leads to the discovery of lincRNA-COX2. what's more, the genome-wide recognition of many ncRNAs, particularly lncRNAs, is based on the existence of specific histone modifications (e.g., H3K4me3 and H3K36me3) [47] . On the other hand, cis-or trans-actions of various ncRNAs is achieved by the interaction with specific histone modification enzymes that are targeted to specific sites, resulting in the establishment of a specific histone modification state. A classic example is Hox antisense intergenic RNA (HOTAIR), which targets two specific histone modification enzymes (PRC2 [48] and LSD1 [49] ) to the HOXD locus, to mediate silencing [50] . The positioning of the nucleosomes containing the key DNA regulatory element within the ncRNA gene promoter affects its transcription initiation, meantime, nucleosome distribution within the ncRNA gene body also regulates transcription elongation and splicing of the precursor. In addition, ncRNAs can also influence nucleosome positioning through different mechanisms [51] . For example, PHO5 antisense ncRNA transcription itself can affect the stability and turnover of the nucleosome within the adjacent protein-coding gene PHO5, which promotes transcription [52] . Perhaps ncRNAs may also potentially recruit directly or indirectly various chromatin remodeling complexes to specific target sites [53] , similar to the mode of action of HOTAIR and HOXA transcript at the distal tip (HOTTIP) [54] , which mediate changes in nucleosome positioning.
Crosstalk among various ncRNAs
Various intracellular ncRNAs form a mutual-communication ncRNA network by establishing extensive crosstalk that is achieved by the following several mechanisms:
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• Regulatory lncRNA affects the sncRNAs precursor's mature processing. For example, the 800-nucleotide C. elegans lncRNA rncs-1 [55] that undergoes splicing and polyadenylation can transinhibit the generation of mature sncRNAs from other transcripts by competitively combining with Dicer or accessory double-stranded RNA-binding proteins;
• Regulatory lncRNA is the precursor of several functional ncRNAs; for example, many regulatory sncRNA-like sRNAs are produced from lncRNAs with an extended internal hairpin or two possessing complementary sequence lncRNAs. These sRNAs are then loaded into the RISC/RITS-like complexes to mediate silencing [56, 57] ;
• Regulatory lncRNA can regulate the activity of sncRNAs by base pair formation between the lncRNAs and target sncRNAs, namely, the sponge effect. For example, during muscle differentiation, a specific lncRNA (linc-MD1) can 'sponge' miR-133 and miR-135, which regulate the expression of two key transcription factors -MAML1 and MEF2C [58] ;
• In terms of generation of sncRNA, there is a relationship of cooperation or antagonism among various regulatory ncRNAs; for example, Arabidopsis miRNA mediates the mature processing of tasiRNA precursor transcript [59] .
However, in Drosophila, the endo-siRNAs pathway may restrain the piRNA expression in the soma. In addition, these sncRNA pathways cooperate or antagonize each other at some level; for example, they may compete or share common substrates and effector proteins, thus enabling these pathways to achieve crossregulation [60] .
Epigenetics: the language of the cell Over the last 100 years, various modes of communication have undergone extensive development, which has promoted the exchange of information around the world, finally resulting in the formation of a real pluralistic society. An obvious effect of extensive exchange is that the various resources on earth are rationally utilized on the basis of best interest, which greatly improves productivity and creates abundant material wealth. Accordingly, human society realizes this unprecedented achievement, which is largely attributed to the extensive exchange of information. In comparison, since the first true cells appeared, various intracellular substructures, such as the nucleus and organelles, have not undergone significant changes. However, the operating efficiency of the cell has undergone qualitative changes (e.g., human cells vs Paramecium) so that the cell gradually adapts to the requirement of a complex environment and multicellular organismal development. It is still unclear whether this type of improvement in operating efficiency is also attributed to
The answer may be the real purpose for which an organism evolves with epigenetics, which enables the extensive exchange of information. In addition to the increasingly complex extracellular environment and formation of multicellular organisms, the highly efficient and synergistic cellular response among various cellular processes is the result of evolutionary pressure selection. On the basis of a limited genome, epigenetics organizes numerous activities in the cytoplasm and nucleus by taking various epigenetic markers as language to mediate extensive communication among different cellular processes, which finally resulted in genome-wide or whole cell-wide integral regulation. Thus, the cell generates an optimal response to various intracellular and extracellular stimuli.
However, in what ways do various epigenetic markers mediate this extensive communication at the scale of the whole cell?
ncRNAs act as the language of the cell Recent confirmation of the ceRNA hypothesis indicates that various miRNAs act as the language for communication among mRNAs, synergizing the expression of various related proteins that are involved in different cellular processes. Emerging evidence has shown that various mRNAs exhibit multiple miRNAbinding sites, namely miRNA response elements, at the 3´ end. More than 60% of human protein-coding genes maintain their base pairs with miRNAs under natural selection pressure [61] . A single miRNA can also match with various mRNAs at the 3´ end, and target recognition is achieved by matching mRNA's ∼7 nt site with the miRNA seed region [62] . However, the site-binding efficiency is affected not only by the seed match types but also by the characteristics surrounding the site, which results in a single miRNA possessing a gradient affinity to various target mRNAs, thereby achieving regulation of different degrees [63] . Thus, there are many-to-many relationships between miRNAs and mRNAs, and this type of relationship often initiates two synergistic processes:
• Coordinated process: a single miRNA can simultaneously downregulate various proteins that are involved in different cellular processes, to achieve future science group a simultaneous response of various related cellular pathways induced by a specific stimulus (Figure 2A ) [64] ;
• Antagonistic process: the quantity of intracellular specific miRNA is relatively limited (namely a cell type-specific 'ncRNAs library', however, this type of ncRNA library is in a dynamic equilibrium, where specific ncRNAs generally change in quantity and quality in response to various intracellular and extracellular signals), new miRNAs are not only produced by Dicer processing or RdRPs, but various other mechanisms are used to inhibit miRNA production, thereby regulating the quanfuture science group
Epigenetics: the language of the cell? Perspective tity of miRNAs. For example, the MCPIP1 nuclease inhibits the Dicer effect via cleavage of the terminal loops of pre-miRNAs, which terminates miRNA production [65] .
Perhaps miRNA quantity is also potentially monitored at the transcriptional level. When various mRNAs compete with the same miRNAs, an antagonistic relationship is formed among these mRNAs, namely ceRNAs ( Figure 2B) . A typical example is the PTEN-a key tumor suppressor, whose unbalanced expression in tissue often results in tumorigenesis. PTEN encodes a phosphatase, which catalyzes 3,4,5-triphosphoinositide into 4,5-diphosphoinositide, antagonizing the PI3K/Akt signal pathway and functions as a tumor suppressor. PTEN expression is subject to miRNA regulation, such as miR-181, -200b, -25 and -92a. These limited miRNAs may also be combined with other PTEN 'ceRNAs' (i.e., the pseudogene lncRNA-PTENP1 and ZEB2). When this miRNAassociated equilibrium of mRNAs is broken (which is established under specific physical conditions), disease occurs. For example, at the transcriptional level, when the expression of some PTEN ceRNAs is downregulated, the quantity of miRNA-combined PTEN mRNAs increase, which downregulates the expression of PTEN, resulting removal of the inhibitory effect of the PI3K/Akt signaling pathways and, ultimately, tumorigenesis [66] [67] [68] . However, this type of antagonistic effect does not always occur in pathological processes. We propose that the 'ceRNA strategy' may also be applied to specific developmental processes. For example, during immune system development, undifferentiated CD4 + T cells (Th0) develop into Th1, Th2, Th17 and Treg cells. When CD4 + T cells are in an undifferentiated state, specific miRNAs may simultaneously downregulate the mRNA expression of various developmental key genes that directional differentiations of various helper T cells require (e.g., Stat4, Gata3, Il17a-Il17f and Foxp3), thereby inhibiting differentiation (coordination). When the undifferentiated cells are subjected to specific stimuli under polarization conditions, this induces the upregulation of the expression of development-related key genes at the transcriptional level, as a result, mRNAs levels of special developmental key genes are greatly improved. Subsequently, the common inhibitory balance state is thus broken, which eventually results in specific directional differentiation and simultaneously suppresses other directional differentiation (antagonism). However, we can often observe cell transdifferentiation between two types of differentiated cells, this reason may be that the equilibrium under some differentiated state is again broken. After it passes through the intermediate state, a new equilibrium under another differentiated state is established. Recent studies have revealed various immune system development-related miRNAs, such as miR-155, miR-21, miR-103 and miR-29 [69, 70] , especially miR-21, which has a central role in setting a balance between Th1 and Th2 responses to allergens [71] .
Similarly to miRNA-mediated post-transcriptional regulation, this synergistic strategy may also be applied to miRNA-mediated transcriptional silencing regulation. Counterparts of genes, which are subjected to regulation by the same miRNAs, are cytoplasmic mRNAs. A 'language' consisting of special miRNAs mediates the synergistic expression of genome-wide related genes. It should be emphasized that proteincoding genes exhibit multiple copies in eukaryotic genomes. For example, humans have four HOX loci [72] . Similarly to cytoplasmic miRNAs, specific miRNAs can also simultaneously downregulate multiple target genes in the genome (coordination) ( Figure 3A) . Moreover, the 'ceRNA' still exists (antagonism) and this type of 'ceRNA' relationship is formed among genes that are subjected to the same miRNA regulation and 'sponge function' lncRNAs, which specifically match with the miRNA (e.g., lnc-MD1 vs miR-133 and miR-135). When special gene expression level changes by different degrees, the 'ceRNA' phenomenon occurs ( Figure 3B ). This strategy of miRNA-mediated synergistic transcription expression among related genes is also shared with trans-acting lncRNAs. Importantly, regulation of miRNA-mediated silencing at the transcriptional and post-transcription levels is not independent of each other and may cooperate with each other to achieve the most optimal match (Figure 3) .
Nearly all of the regulatory ncRNAs (more than the miRNAs) may adopt a similar mode of action, by which ncRNAs mediate the extensive exchange of information that acts as the languagee of communication. For example, piRNAs can act as the language to synergize cellular processes in the cytoplasm and nucleus, and to maintain germline genome stability and its germline property [10] . Endo-siRNAs also utilize this language ability to completely resist pathogenic infections or endogenous parasitic sequence reacfuture science group Epigenetics: the language of the cell? Perspective tivation at the transcriptional and post-transcriptional levels [60] . In addition, trans-acting lncRNAs not only exert their function by acting as ceRNAs, but they also act via the communication language to mediate synergistic activity through a miRNA-like mode of action at the transcriptional and post-transcriptional level. For example, lncRNA 1/2-sbsRNA is involved in cytoplasm-specific mRNA degradation, while transacting lncRNAs mediate related gene transcriptional silencing (e.g., lncRNA-P21 induced by P53 mediates various gene trans-silencing during p53-mediated responses [73] ). Furthermore, lncRNAs also achieve the extensive exchange of information by establishing specific intracellular substructures (e.g., MEN ε/β and Xlsirts are involved in the establishment of nuclear paraspeckles and organization of the cytoskeleton, respectively) [74, 75] and by processing other RNAs.
Covalent modifying enzymes & remodeling complexes act as the language of the cell
In what ways do other epigenetic markers mediate the extensive exchange of information? What is the language for this communication? In terms of DNA methylation, histone modification and nucleosome positioning, their genome-wide epigenetic patterns are mainly established through the activity of various specific enzymes (nucleosome positioning is partly attributed to the DNA sequence itself [76] ). Thus, for this type of extensive communication mediated by these epigenetic markers, various specific enzymes comprise the language for communication (e.g., WDR5-MLL [77, 78] ), and DNA methylation, histone modification or nucleosome positioning at special loci are the eventual results of interaction among mobile modification enzymes or remodeling complexes, which is similar to mobile ncRNAs. Usually, these covalent modifying enzymes or remodeling complexes are the components of larger protein complexes or interact with other chromatin-binding factors (e.g., transcription factors or ncRNAs), other members of these protein complexes or interacted-chromatin binding factors can determine their target specificity, enabling the targeting of special enzymes to various protein-coding gene loci or control enzyme activities. Finally, these modifying enzymes or remodeling complexes are targeted to various related protein-coding genes loci, which simultaneously establish the specific epigenetic environment, known as 'epigenetic codes', of each gene in the related genetic group, thereby achieving the coordinated expression of the entire genetic group (coordination). For example, when undifferentiated CD4 + T cells perform directional differentiation under Th17 cell polarization conditions, at certain Th17-specific genes promoter loci (Il17a-Il17f and RORγt), the active marker H3K4me3 significantly increases. In addition, the inhibitory marker H3K27me3 decreases. Comparatively, the Th1-and Th2-specific gene promoter loci (IFN-γ, IL-4, IL-13 and T-box21, Gata3) the opposite situation occurs, where H3K27me3 levels are upregulated, while H3K4me3 levels are downregulated. The final result is that under Th17 polarization conditions, the Th17-specific developmental genes expression is enhanced, thereby promoting the establishment of Th17-specific biological characteristics. Moreover, the Th1-and Th2-developmental gene expression is further downregulated, which inhibits Th17-opposite Th1 and Th2 directional differentiation [79] . During directional differentiation, distinct expression patterns of the different genetic groups may be established through the following mechanism: under Th17 cell polarization conditions, the cell first upregulates the expression of Th17-specific transcription factors or ncRNAs, which mediate the targeting of mixed lineage leukemia (MLL) protein family members to developmental key genes whose expression is required by Th17 differentiation (it should be emphasized that the quantity of the intracellular active or inhibitory machinery may be relatively limited). The large protein complex consisted of MLL members often contains another enzyme that can catalyze the removal of inhibitory marker H3K27me3 (e.g., UTX [80] ), which can simultaneously achieve the upregulation of H3K4me3 and the downregulation of H3K27me3, and rapidly switch a specific gene's expression state.
However, in an undifferentiated state, various developmental key genes promoter loci often form bivalent chromatin structures, which consists of an active and inhibitory marker, H3K4me3 and H3K27me3, respectively, in a type of transcription-poised state. This may be the concurrent joint effect of two relatively balanced enzymes, MLL and EZH2 (EZH2 catalyzes the formation of H3K27me3) ( Figure 4A ). During Th17 directional differentiation, this balance is broken, in which the majority of the MLL is targeted to various Th17-specific developmental gene loci. However, the remaining EZH2 is mainly localized to other key developmental genes, whose expression is required by various Th17-opposite directional differentiations; finally, a new balance is established. Interestingly, this 'ceRNA-like' strategy is also applied in this context. At this point, the Th1-and Th2-specific developmental genes are the 'ceRNAs' of the Th17-specific developmental genes (antagonism) (Figure 4B ). However, this newly built balance is relative; when the differentiated cells are subjected to certain stimulus, the established balance is again broken (Figure 4C ). For example, when the Th17 cell is stimulated by IL-12, the balance tending to induce Th17 directional differentiation is parfuture science group tially broken. At the IFN-γ gene locus, the H3K4 me3 level is partly upregulated and, simultaneously, the H3K27 me3 levels are also partially downregulated, while the IL-17A gene locus occurs the opposite situation. The total result is upregulation of IFN-γ expression and downregulation of IL-17A expression. In this case, IL-12 stimulation induces a slight upregulation of Th1-specific transcription factors or ncRNAs expression level, which competitively bind MLL to Th1-specific genes (e.g., IFN-γ). Accordingly, because of the loss of MLL, the partial Th17-specific genes expression is downregulated (e.g., IL-17A) [81] . Perhaps it is the molecular mechanism that underlies the foundation of plasticity in CD4 + T-cell lineage differentiation [82, 83] . It is that epigenetic markers, H3K27me3 and H3K4me3, perform an important role during inducing the plasticity of CD4 + T cell lineage. However, the other extreme lies in the transdifferentiation process [84] . In this case, one balance established under a differentiated state is thoroughly broken, while another balance tending to induce another type of directional differentiation is completely established ( Figure 4B , C & D) [85] . The same strategy may also play an important role in early embryonic development [86, 87] and multipotent stem cell directional differentiation [88] [89] [90] because a large number of key developmental genes also possess a bivalent chromatin structure.
The strategy that histone modification enzymes functioning as a language of communication to mediate the formation of a synergistic relationship of expression (coordination and antagonism) among related genetic groups may also be applied to nucleosome positioning and DNA methylation. For nucleosome positioning, chromatin remodeling enzymes catalyzing the exposure or coverage of the key DNA-binding sites are the 'language' for communication among the related genes [91] . The relationship of 'ceRNAs' or coordination is formed among the key position nucleosomes that contain important regulatory elements, thus mediating extensive communication among the genome-wide protein-coding genes or various activities that occur in chromatin (e.g., between nucleosome positioning involved in DNA damage repair and nucleosome positioning involved in DNA replication). However, in the context of DNA methylation, it is similar to histone modifications.
Interestingly, these modifying enzymes catalyze not only histones but also a large number of nonhistone proteins. Various nonhistone proteins can undergo different types of post-translational modifications, such as phosphorylation and dephosphorylation, acetylation and deacetylation, methylation and demethylation, ubiquitination, and sumoylation and its removal, among others. Importantly, these nonhistone proteins are subjected to the same set of enzymes that act on the histone. A typical example is lysine acetylation, which occurs in more than 80 transcription factors, many nuclear regulators and various cytoplasmic proteins. Acetylation not only regulates different activities within the nucleus, but it is also involved in the regulation of various cytoplasmic processes, including the regulation of α-tubulin acetylation, which is involved in cytoplasmic skeletal dynamics and assembly, the regulation of P53 acetylation is involved in the DNA damage repair response pathway, and the regulation of Foxo acetylation in the IGF signal pathway [92] . In addition, the AMPK catalytic subunit is subjected to the dynamic regulation of P300 (acetylation) and HDAC1 (deacetylation), which are involved in the AMPK signaling pathway [93] . A variety of acetylation activities in the cytoplasm and nucleus are all subject to the same set of acetyltransferase and deacetylase activities. Similar activities also occur with other modifications. In these cases, functioning as a language for extensive communication, modifying enzymes not only participate in the regulation of various cytoplasmic and nuclear activities but also mediate extensive communication between cytoplasmic and nuclear activities, which mainly occur at the chromatin level and results in the whole-cellwide integral regulation of various cellular processes, which greatly improves the cell operating efficiency.
Taken together, various epigenetic markers not only participate in the regulation of different cellular processes by themselves, but organisms have also evolved with a unique function of epigenetics, namely that epigenetics is involved in mediating the extensive information exchange within the entire cell by acting as a language of communication, which mediates integral regulation among various cellular processes. This ultimately results in the cell generating an optimal response to different intracellular and extracellular stimulations.
Importantly, no matter whether the communicational 'language' is consisted of various regulatory ncRNAs or various modifying enzymes or remodeling enzymes, they all perform extensive crosstalk longitudinally and laterally. Various ncRNAs, modification enzymes and remodeling enzymes often collaborate with each other to fine-tune various biological events in a cell's response to stimuli, finally the cell makes the optimal reply to the variation of extracellular or intracellular environment. For example, a mRNA 3´ end has multiple MERs; various modifying enzymes can simultaneously act on this specific promoter locus [94] and trans-acting ncRNA may simultaneously mediate the establishment of histone modifications and DNA methylation patterns at this particular promoter locus. The cell utilizes various epigenetic markers to weave into this complex language system to mediate extensive intracellular communication.
Conclusion & future perspective
Epigenetic research has become one of the largest forefront research hotspots in biological research. In addition to abundant high-technological development, such as the genome-wide chromatin immunoprecipitation-deep sequencing (ChIP-Seq) technology and high-resolution genome-wide mapping technologies, researchers may conduct epigenetics research of not only a single gene or specific chromosome region, but rather, the whole genome, to understand their general distributional law (particularly for DNA methylation [95] , histone modifications [96] and nucleosome positioning [97] ). In addition, the discovery of different epigenetic machinery also greatly promotes epigenetic future science group Perspective Huang, Jiang & Zhang Under the differentiated State A (e.g., the Th17 polarization condition), the relative balance is broken, in which Gene group 1 special TFs target active machinery to each gene of Gene group 1, promoting transcription, however, remaining silencing machine is stably bound to Gene group 2, mediating silencing. (C) When the differentiated State A cell is slightly stimulated by the differentiated State B polarization condition (e.g., IL-12), the established balance is again broken, a little of Gene group 2 special TFs target active machine to some genes of Gene group 2. However, because of active machinery's removal, the partial genes of Gene group 1 are transcriptional silencing. (D) When the differentiated State A cell is completely stimulated by the differentiated State B polarization condition, another balance state is established and the transdifferentiation occurs; finally the differentiated State B cell is formed.
research. Thus far, researchers have gradually revealed novel modes of action of different epigenetic markers and demonstrated the presence of extensive cross-talk among various epigenetic markers, which are involved in weaving into so-called 'epigenetic codes' that finetunes different cellular processes. Epigenetic markers, particularly epigenetic markers based on chromatin, not only enrich biological genetic information, but fine-tune various activities, generating an optimal cellular response to various extracellular and intracellular stimuli. However, there are still many challenges, which require further research: how do these individual epigenetic marker 'alphabet' combine to spell functional 'words'? By which molecular mechanism does these functional 'words' instruct the exact expression of different protein-encoding and ncRNAs genes? By which mechanism do various epigenetic marker patterns continue to maintain after cell division? How does the site-specific epigenetic state reverse into different epigenetic states during cell differentiation and pathogenesis?
With the development of various sequencing technologies, a large number of functional ncRNAs have been uncovered and have been shown to participate in various cellular processes. Researchers are gradually becoming aware of the striking effects of ncRNAs in the cell, particularly various functionally diverse lncRNAs. These regulative ncRNAs are also passed into daughter cells after cell division to continue exerting their function. They may be indirectly inherited through the establishment of specific chromatin epigenetic environments on the ncRNA loci, forming a stable transcriptional state. Thus, many ncRNAs, specifically regulatory ncRNAs, are also epigenetic markers. Undoubtedly, because of their diversity and abundance, various ncRNAs will grow in the epigenetic research field.
Although there are a large number of epigenetic markers in the cytoplasm and in chromatin, these markers tend to regulate the occurrence of an individual event, such as the specific miRNA-mediated mRNA degradation. However, it remains unclear whether these abundant epigenetic markers can also mediate the integral regulation among various cellular processes at the scope of the whole cell, in respond to various intracellular and extracellular stimuli and organism developmental needs. For example, the expression of related-protein mRNAs or genes is concertedly controlled during cell differentiation (e.g., some related genes' expression are simultaneously upregulated and downregulated, or some are upregulated while another is downregulated). Recently the confirmation of the ceRNA hypothesis has provided a clue: perhaps all epigenetic markers, more than the miRNAs, may potentially possess a similar 'language' function to mediate extensive communication among various related protein-coding genes or in various cellular processes, to achieve integral regulation. The 'epigenetic language' may mediate extensive communication among various metabolic pathways or signaling pathways to achieve overall regulation. In addition, there is extensive crosstalk between ncRNAs and chromatin covalent modifications and, thus, different types of epigenetic languages may perform lateral communication, which eventually forms a complex information-exchange network. Undoubtedly, this will greatly improve the cell's operating efficiency. Language ability may be an important windfall of epigenetics, which is the flower of life. However, numerous studies are required to further elucidate 'epigenetic language'-mediated synergistic regulation, particularly, that related to the 'ceRNA' phenomenon during normal organismal development or pathogenesis, and deeply define molecular mechanisms of this type of epigenetic language-mediated communication. Epigenetics will provide a new perspective for the mystery of life. • ncRNA is not only involved in the establishment of the epigenetic patterns of various epigenetic markers, but ncRNAs are also an important type of epigenetic marker.
Extensive crosstalk among various epigenetic markers
• There is extensive crosstalk among various epigenetic markers, including noncoding RNAs and other epigenetic markers.
Epigenetics: the language of the cell
• The language property of epigenetics is shared with ncRNAs and other epigenetic markers, in which ncRNAs themselves, covalent modifying enzymes and remodeling complexes act as the language.
